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In this note we present the extensive GENIE/NEUGEN comparisons that enabled us to validate the GENIE
physics models to be included in the default configuration of its first production-quality version (2.0.0).

1. Introduction

GENIE-2.0.0 is the first physics production re-
lease of the GENIE Neutrino MC Generator. The
neutrino interaction physics of that version is
identical to the physics of NEUGEN/daikon+.
The daikon+ is a bug fix revision of the NEU-
GEN/daikon MC used for the 2007 MINOS νµ

CC Dissapearance Analysis. The daikon version
has been documented extensively elsewhere [2].
The daikon+ revision includes:

• an update of resonance widths and masses
in CC and NC resonance cross section code,

• an update of the AGKY [3] Hadronization
model to a) ommit final state nucleons from
the pT reweighting scheme, and b) skip re-
selection of the final state nucleon after each
rejected remnant hadronic system decay

• bug fixes in INTRANUKE [4] Hadron
Transport model addressing problems with
particle stepping and the creation of inelas-
tic final states

• a bug fix in the coherent event kinemati-
cal selection affecting the lower end of the

x distribution and the final stape primary
lepton momentum component in the plane
perpendicular to the incoming neutrino di-
rection.

2. Validation Plots

Four sets of plots are shown in this document:

• GENIE-2.0.0 cross section comparisons
with external data and NEUGEN/daikon+
cross sections.

• GENIE-2.0.0 AGKY hadronization model
comparisons with external data and the
NEUGEN/daikon+ version of AGKY.

• GENIE-2.0.0 and NEUGEN/daikon+
INTRANUKE-based hadron+nucleus
event sample comparisons

• GENIE-2.0.0 and NEUGEN/daikon+ com-
parisons of many high-statistics neutrino
event samples.
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GENIE-2.0.0 vs NEUGEN/Daikon+ comparison
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Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 0.5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 0.5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   94544 [NeuGEN],   94907 [GENIE]

QEL-CC :   75749 [NeuGEN],   76200 [GENIE]

QEL-NC :   18795 [NeuGEN],   18707 [GENIE]

RES    :    4084 [NeuGEN],    3818 [GENIE]

RES-CC :    1964 [NeuGEN],    1725 [GENIE]

RES-NC :    2120 [NeuGEN],    2093 [GENIE]
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selected Q2 for Charm/DIS events
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 1GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 1GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   71974 [NeuGEN],   72404 [GENIE]

QEL-CC :   58220 [NeuGEN],   58952 [GENIE]

QEL-NC :   13754 [NeuGEN],   13452 [GENIE]

RES    :   19745 [NeuGEN],   19501 [GENIE]

RES-CC :   12535 [NeuGEN],   12280 [GENIE]

RES-NC :    7210 [NeuGEN],    7221 [GENIE]

DIS    :    8281 [NeuGEN],    8095 [GENIE]

DIS-CC :    6490 [NeuGEN],    6355 [GENIE]

(charm):       0 [NeuGEN],       0 [GENIE]

DIS-NC :    1791 [NeuGEN],    1740 [GENIE]

COH    :       0 [NeuGEN],       0 [GENIE]

COH-CC :       0 [NeuGEN],       0 [GENIE]

COH-NC :       0 [NeuGEN],       0 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]



Selected Kinematical Quantities

 



Q2s
0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

500

1000

1500

2000

2500

selected Q2 for all events



Q2s
0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

selected Q2 for QEL events



Q2s
0 0.2 0.4 0.6 0.8 1 1.2

0

200

400

600

800

1000

1200

1400

1600

selected Q2 for QEL CC events



Q2s
0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

100

200

300

400

500

selected Q2 for QEL NC events



Q2s
0 0.2 0.4 0.6 0.8 1

0

100

200

300

400

500

selected Q2 for RES events



Q2s
0 0.2 0.4 0.6 0.8 1

0

50

100

150

200

250

300

selected Q2 for RES CC events



Q2s
0 0.2 0.4 0.6 0.8 1

0

20

40

60

80

100

120

140

160

180

selected Q2 for RES NC events



Q2s
0 0.2 0.4 0.6 0.8 1

0

20

40

60

80

100

120

140

160

180

selected Q2 for DIS events



Q2s
0 0.2 0.4 0.6 0.8 1

0

20

40

60

80

100

120

140

160

selected Q2 for DIS CC events



Q2s
0 0.2 0.4 0.6 0.8 1

0

10

20

30

40

50

60

selected Q2 for DIS NC events



selected Q2 for Charm/DIS events
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selected x for Charm/DIS events
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   19038 [NeuGEN],   19086 [GENIE]

QEL-CC :   15324 [NeuGEN],   15442 [GENIE]

QEL-NC :    3714 [NeuGEN],    3644 [GENIE]

RES    :   18770 [NeuGEN],   18549 [GENIE]

RES-CC :   13734 [NeuGEN],   13577 [GENIE]

RES-NC :    5036 [NeuGEN],    4972 [GENIE]

DIS    :   62192 [NeuGEN],   62365 [GENIE]

DIS-CC :   49214 [NeuGEN],   49345 [GENIE]

(charm):     110 [NeuGEN],      89 [GENIE]

DIS-NC :   12978 [NeuGEN],   13020 [GENIE]

COH    :       0 [NeuGEN],       0 [GENIE]

COH-CC :       0 [NeuGEN],       0 [GENIE]

COH-NC :       0 [NeuGEN],       0 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 50GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+n, 50GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :    2019 [NeuGEN],    1946 [GENIE]

QEL-CC :    1609 [NeuGEN],    1564 [GENIE]

QEL-NC :     410 [NeuGEN],     382 [GENIE]

RES    :    2179 [NeuGEN],    2117 [GENIE]

RES-CC :    1572 [NeuGEN],    1527 [GENIE]

RES-NC :     607 [NeuGEN],     590 [GENIE]

DIS    :   95802 [NeuGEN],   95937 [GENIE]

DIS-CC :   76381 [NeuGEN],   76627 [GENIE]

(charm):    4064 [NeuGEN],    4183 [GENIE]

DIS-NC :   19421 [NeuGEN],   19310 [GENIE]

COH    :       0 [NeuGEN],       0 [GENIE]

COH-CC :       0 [NeuGEN],       0 [GENIE]

COH-NC :       0 [NeuGEN],       0 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numubar+p, 1GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numubar+p, 1GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   77196 [NeuGEN],   77695 [GENIE]

QEL-CC :   62811 [NeuGEN],   62832 [GENIE]

QEL-NC :   14385 [NeuGEN],   14863 [GENIE]

RES    :   16728 [NeuGEN],   16248 [GENIE]

RES-CC :    8684 [NeuGEN],    8303 [GENIE]

RES-NC :    8044 [NeuGEN],    7945 [GENIE]

DIS    :    6076 [NeuGEN],    6057 [GENIE]

DIS-CC :    4455 [NeuGEN],    4466 [GENIE]

(charm):       0 [NeuGEN],       0 [GENIE]

DIS-NC :    1621 [NeuGEN],    1591 [GENIE]

COH    :       0 [NeuGEN],       0 [GENIE]

COH-CC :       0 [NeuGEN],       0 [GENIE]

COH-NC :       0 [NeuGEN],       0 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]
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selected Q2 for Charm/DIS events
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selected x for Charm/DIS events
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numubar+p, 5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numubar+p, 5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   30462 [NeuGEN],   30827 [GENIE]

QEL-CC :   25727 [NeuGEN],   26035 [GENIE]

QEL-NC :    4735 [NeuGEN],    4792 [GENIE]

RES    :   27007 [NeuGEN],   26280 [GENIE]

RES-CC :   19171 [NeuGEN],   18417 [GENIE]

RES-NC :    7836 [NeuGEN],    7863 [GENIE]

DIS    :   42531 [NeuGEN],   42893 [GENIE]

DIS-CC :   31900 [NeuGEN],   32431 [GENIE]

(charm):      38 [NeuGEN],      22 [GENIE]

DIS-NC :   10631 [NeuGEN],   10462 [GENIE]

COH    :       0 [NeuGEN],       0 [GENIE]

COH-CC :       0 [NeuGEN],       0 [GENIE]

COH-NC :       0 [NeuGEN],       0 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numubar+p, 50GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numubar+p, 50GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :    4024 [NeuGEN],    3915 [GENIE]

QEL-CC :    3421 [NeuGEN],    3330 [GENIE]

QEL-NC :     603 [NeuGEN],     585 [GENIE]

RES    :    4363 [NeuGEN],    4379 [GENIE]

RES-CC :    3182 [NeuGEN],    3248 [GENIE]

RES-NC :    1181 [NeuGEN],    1131 [GENIE]

DIS    :   91613 [NeuGEN],   91706 [GENIE]

DIS-CC :   70852 [NeuGEN],   70944 [GENIE]

(charm):    3101 [NeuGEN],    3034 [GENIE]

DIS-NC :   20761 [NeuGEN],   20762 [GENIE]

COH    :       0 [NeuGEN],       0 [GENIE]

COH-CC :       0 [NeuGEN],       0 [GENIE]

COH-NC :       0 [NeuGEN],       0 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum



pxn
-1 -0.5 0 0.5 1

0

20

40

60

80

100

3
10×

pyn
-1 -0.5 0 0.5 1

0

20

40

60

80

100

3
10×

pzn
-1 -0.5 0 0.5 1

0

20

40

60

80

100

3
10×

En
0 0.5 1 1.5 2

0

20

40

60

80

100

3
10×



Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 1GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 1GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   54718 [NeuGEN],   54768 [GENIE]

QEL-CC :   39930 [NeuGEN],   39749 [GENIE]

QEL-NC :   14788 [NeuGEN],   15019 [GENIE]

RES    :   36825 [NeuGEN],   36767 [GENIE]

RES-CC :   26787 [NeuGEN],   26861 [GENIE]

RES-NC :   10038 [NeuGEN],    9906 [GENIE]

DIS    :    7999 [NeuGEN],    8042 [GENIE]

DIS-CC :    6036 [NeuGEN],    6103 [GENIE]

(charm):       0 [NeuGEN],       0 [GENIE]

DIS-NC :    1963 [NeuGEN],    1939 [GENIE]

COH    :     458 [NeuGEN],     423 [GENIE]

COH-CC :     273 [NeuGEN],     249 [GENIE]

COH-NC :     185 [NeuGEN],     174 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]



Selected Kinematical Quantities
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selected Q2 for Charm/DIS events
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selected x for Charm/DIS events
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum



Final State Primary Lepton 4-Momentum
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Final state primary lepton 4-p: All events
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Final state primary lepton 4-p: All NC events
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Final state primary lepton 4-p: RES events
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 5GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :   13024 [NeuGEN],   12888 [GENIE]

QEL-CC :    9343 [NeuGEN],    9313 [GENIE]

QEL-NC :    3681 [NeuGEN],    3575 [GENIE]

RES    :   23392 [NeuGEN],   23232 [GENIE]

RES-CC :   17086 [NeuGEN],   17030 [GENIE]

RES-NC :    6306 [NeuGEN],    6202 [GENIE]

DIS    :   62991 [NeuGEN],   63314 [GENIE]

DIS-CC :   47631 [NeuGEN],   47798 [GENIE]

(charm):      99 [NeuGEN],      63 [GENIE]

DIS-NC :   15360 [NeuGEN],   15516 [GENIE]

COH    :     593 [NeuGEN],     566 [GENIE]

COH-CC :     378 [NeuGEN],     406 [GENIE]

COH-NC :     215 [NeuGEN],     160 [GENIE]

IMD    :       0 [NeuGEN],       0 [GENIE]



Selected Kinematical Quantities
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 50GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers



GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 50GeV, all processes
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers

Event Numbers:
  

ALL    :  100000 [NeuGEN],  100000 [GENIE]

QEL    :    1354 [NeuGEN],    1314 [GENIE]

QEL-CC :     974 [NeuGEN],     950 [GENIE]

QEL-NC :     380 [NeuGEN],     364 [GENIE]

RES    :    2582 [NeuGEN],    2550 [GENIE]

RES-CC :    1887 [NeuGEN],    1874 [GENIE]

RES-NC :     695 [NeuGEN],     676 [GENIE]

DIS    :   95810 [NeuGEN],   95828 [GENIE]

DIS-CC :   73268 [NeuGEN],   73056 [GENIE]

(charm):    4072 [NeuGEN],    4116 [GENIE]

DIS-NC :   22542 [NeuGEN],   22772 [GENIE]

COH    :     213 [NeuGEN],     243 [GENIE]

COH-CC :     146 [NeuGEN],     156 [GENIE]

COH-NC :      67 [NeuGEN],      87 [GENIE]

IMD    :      41 [NeuGEN],      65 [GENIE]
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Kinematical Quantities

 

 

Similar to the previous set of plots but

showing ’computed’ rathen than ’selected’ variables
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Initial state nucleon 4-Momentum
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Final State Primary Lepton 4-Momentum
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Final State Hadronic System

Multiplicities and 4-Momenta
 

 

 

 

Note:

For nuclear targets these plots include the effect

of intranuclear hadron transport / rescattering
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GENIE-2.0.0 vs NEUGEN/Daikon+ Event Sample Comparisons
 

 

Event Sample:

100k events, numu+Fe56, 2GeV, COH CC+NC
 

Notes:

Daikon+ is a NEUGEN Daikon revision version

GENIE predictions shown with lines / NEUGEN’s with markers
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